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Abstract
Background: RNA quality and quantity are important factors for ensuring the accuracy of gene expression analysis
and other RNA-based downstream applications. Extraction of high quality nucleic acids is difficult from neuronal
cells and brain tissues as they are particularly rich in lipids. In addition, most common RNA extraction methods are
phenol-based, resulting in RNA that may be incompatible with downstream applications such as gene expression.
Findings: In this work, a comparative analysis of the RNA quality obtained from SK-N-MC cells was performed
using six commonly used RNA isolation kits: two phenol-based kits and four non-phenol based kits. The non-
phenol based kits tested AxyPrep Multisource Total RNA Miniprep, RNeasy
® Mini, EasySpin and Ilustra RNAspin Mini
RNA Isolation, all performed well and resulted in the isolation of high quality RNA, as evaluated by A260/A280. The
RNA extracted with AxyPrep Multisource Total RNA Miniprep, RNeasy
® Mini and EasySpin provided the highest
RNA yields. In particular, the RNA isolated by AxyPrep Multisource Total RNA Miniprep Kit did not show any
detectable genomic DNA contamination even without previous DNase treatment or after RNA direct PCR
amplification using universal 18S primers.
Conclusions: The RNA extracted from SK-N-MC cells with AxyPrep Multisource Total RNA Miniprep Kit was superior
with respect to the RNA quality and concentration. This kit does not use aggressive organic solvents and RNA free
of genomic DNA was isolated without the need for DNase treatment.
Background
The accuracy of gene expression evaluation is influenced
by the concentration and quality of input RNA. The
purity and integrity of RNA are critical elements for the
overall success of RNA-based analyses [1]. Starting with
al o wq u a l i t yR N Am a yc o m p r o m i s et h er e s u l t so f
downstream applications which are often labour-inten-
sive, time-consuming and very expensive [2,3]. The
integrity of the total RNA used should be examined
prior to its use in quantitative RT-PCR, microarrays and
any array-based applications.
To ensure acceptable total RNA quality, the RNA
extraction procedure must fulfill a number of require-
ments: including, the final preparation must be free from
protein, genomic DNA or enzyme inhibitors and must
not include any phenol or alcohol carryover which may
compromise downstream reactions [4]. Also, the purified
RNA should also be free of nucleases to maintain integ-
rity under appropriate storage conditions. Reverse tran-
scriptase and PCR reactions are strongly dependent on
the purification and clean-up methods, as well as on the
presence of exogenous contaminants. For example, the
presence of hemoglobin, fat, glycogen, Ca
2+,h i g hg e n o -
mic DNA concentrations, DNA binding proteins or other
cell constituents are critical contaminants [5,6].
There are three major techniques extensively used for
RNA extraction: organic extraction, such as phenol-Gua-
nidine Isothiocyanate (GITC)-based solutions, silica-mem-
brane based spin column technology, and paramagnetic
particle technology. One of the most commonly used
methods is the phenol-GITC-based organic extraction.
However, RNA samples isolated by this method are fre-
quently contaminated with proteins and other cellular
m a t e r i a l s ,o r g a n i cs o l v e n t ss u c ha sp h e n o l - c h l o r o f o r m ,
salts and ethanol. Additionally, these methods require
safety precautions (i.e., the use of fume hoods) which
lengthen the procedure and employ liquid-liquid extrac-
tion leading to incomplete phase separation and increased
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umn and paramagnetic particle based RNA isolation sys-
tems do not require the use of toxic organic solvents, are
relatively simple, efficient, low cost, and yield total intact
RNA with low levels of contamination from proteins and
other cellular materials [7]. However, these methods can
often result in significant levels of genomic DNA
contamination.
Digestion with DNase removes traces of DNA and is
compulsory if the RNA samples are destined for use in
RT-qPCR. DNase digestion after the final RNA precipita-
tion step involves adding extra salts and proteins to the
sample and since this can affect the efficiency of the
cDNA synthesis, additional purification steps are required.
In this work, a comparative analysis of the RNA qual-
ity achieved from a neuroblastoma cell line (SK-N-MC)
by six commonly used RNA isolation kits is presented;
two phenol-based kits and four kits utilizing non-aggres-
sive solvents. For the SK-N-MC cell line in particular,
both types of extraction methods have previously been
described, but RNA has been isolated mainly using phe-
nol-GITC-based methods [8-13].
Results
RNA isolation methods such as acid phenol extraction,
glass fibre filter purification, and single-step reagents can
provide RNA with acceptable quality. However, all RNA
isolation methods do not have the ability to completely
remove genomic DNA contamination from RNA sam-
ples. To evaluate the differential efficiency in obtaining
RNA with minimal DNA contamination, six commercial
kits for RNA extraction were tested using SK-N-MC
cells. Among these kits, two of them (TRIzol
® Plus RNA
Purification System (Invitrogen) and E.Z.N.A.™ Total
R N Ak i tI I( O m e g aB i o - T e k ) )i n v o l v eam o r ea g g r e s s i v e
methodology which includes a mono-phasic solution of
phenol and guanidine isothiocyanate. E.Z.N.A.™ Total
RNA Kit II was selected for this analysis because it is
mainly designed for fatty tissues by combining the advan-
tage of one step RNA isolation technology and silica-
membrane technology.
Among the six kits tested, AxyPrep Multisource Total
RNA Miniprep, RNeasy
® Mini, EasySpin and Illustra
RNAspin Mini RNA Isolation allow the isolation of
higher quality RNA when compared to the other two
kits (Table 1). The kits from Axygen, Qiagen, Citomed
and GE, respectively, were qualitatively superior, provid-
ing a good A260/A280 ratio (around 2.10). An A260/A280
ratio greater than 1.8 is usually considered an acceptable
indicator of good quality RNA with a low level of pro-
tein contamination [14,15]. An A260/A230 ratio higher
than 1.8 is used as an indicator of extracted RNA with a
low level of polysaccharides contamination. Quantita-
tively, the highest RNA concentration and yield was
obtained by the AxyPrep Multisource Total RNA
Miniprep kit while RNeasy
® Mini kit, EasySpin kit and
TRIzol
® Plus RNA Purification System presented inter-
mediate values, and Illustra RNAspin Mini RNA Isola-
tion kit and E.Z.N.A.™ Total RNA kit II provided the
lowest recovery values (Table 1). However, based on the
standard deviation illustrated in Table 1, the TRIzol
®
Plus RNA Purification System -(GITC based procedure)
demonstrates low RNA recovery reproducibility. In
terms of yield, among Axygen, Qiagen and Citomed
kits, clearly the highest and most reproducible is the
AxyPrep Multisource Total RNA Miniprep Kit, where
RNA yield is at least four fold higher than the other
methods. E.Z.N.A.™ Total RNA Kit II, a GITC based
kit, and Illustra RNAspin Mini RNA Isolation Kit
revealed rather poor efficiencies of RNA extraction from
this neuroblastoma cell line (Table 1).
Most gene expression experiments require RNA sam-
ples free of DNA contamination, therefore it is impera-
tive to minimize this contamination. Removal of DNA is
especially critical for RT-PCR applications, since DNA
can be amplified during the PCR portion of the
Table 1 Evaluation of quality and quantity parameters of RNA samples extracted from SK-N-MC neuroblastoma
Kit A230 A260 A280 A260/A280 A260/A230 Concentration (ng/μL) Elution volume (μL) Yield
(μg RNA/1E6 cells)
AxyPrep Multisource Total
RNA Miniprep Kit
(Axygen)
5.38 6.82 3.29 2.07 1.26 272.80 ± 28.55 100 3.94 ± 0.41
RNeasy
® Mini Kit (Qiagen) 1.32 2.14 1.03 2.07 1.63 85.74 ± 72.26 50 0.62 ± 0.52
EasySpin (Citomed) 1.79 3.54 1.73 2.06 1.92 141.5 ± 74.58 50 1.02 ± 0.54
Illustra RNAspin Mini RNA
Isolation Kit (GE)
0.3 0.15 0.07 2.13 0.37 5.98 ± 7.44 100 0.09 ± 0.11
TRIzol
® Plus RNA
Purification System
(Invitrogen)
1.13 2.31 1.15 1.86 1.65 92.4 ± 111.50 50 0.67 ± 0.80
E.Z.N.A. ™ Total RNA Kit
II (Omega bio-tek)
0.30 0.55 0.29 1.89 1.52 21.87 ± 4.14 50 0.16 ± 0.03
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background “noise” levels.
DNase I digestion has consistently proven to be the
most effective method for removing DNA contamination
from RNA samples. DNase I treatment efficacy test was
evaluated for the two best performing kits; RNA
extracted with AxyPrep Multisource, Total RNA Mini-
prep and RNeasy
® Mini. Results from kits, with or with-
out DNase treatment, were visualized in agarose gel
stained with ethidium bromide (Figure 1). RNA isolated
with AxyPrep Multisource Total RNA Miniprep kit did
not show visible genomic DNA contamination even with-
o u tD N a s et r e a t m e n t( F i g u r e1 ,l a n e s1a n d2 ) .O nt h e
contrary, RNA extracted using the RNeasy
® Mini Kit
clearly contained DNA contamination, which disap-
peared promptly after DNase treatment. Very low levels
of DNA contamination, albeit not detectable by agarose
gel electrophoresis, may be amplified and then corrupt
the results obtained by highly sensitive techniques such
as Real-Time PCR. In an attempt to address and evaluate
this hypothesis, RNA samples (with and without DNase
treatment) isolated by Axygen and Qiagen kits were
directly amplified by PCR using universal 18S primers.
The corresponding reaction products where visualized by
agarose gel electrophoresis (Figure 2). Although not
visualized by direct RNA electrophoresis in Figure 1,
RNA isolated using the RNeasy
® Mini kit and treated
with DNase was shown to contain DNA contamination
after PCR amplification (Figure 2, lanes 3 and 4). This
result was obtained after confirming experimentally that
the PCR product amplification was a result of the RNA
concentration in the sample (and therefore the DNA
contaminant amount) and was not due to extensive
amplification (results not shown). After direct PCR
amplification, the RNA isolated by AxyPrep Multisource
Total RNA Miniprep kit (with or without previous
DNase treatment) did not reveal the presence of any
band on the agarose gel (Figure 2, lanes 1 and 2). There-
fore, the Axygen kit provides reliable and good quality
RNA isolation from SK-N-MC neuroblastoma cells, thus
suitable for a successful RNA amplification without the
need of any DNase treatment. DNase treatment is
L    1    2    3    4          
Figure 1 Electrophoresis of RNA samples in 2% (w/v) agarose
gel, stained with ethidium bromide. L- 100 bp ladder; 1- RNA
(untreated sample) isolated by AxyPrep Multisource Total RNA
Miniprep kit (Axygen); 2- RNA (treated with Turbo™ DNase,
Ambion) isolated by AxyPrep Multisource Total RNA Miniprep kit
(Axygen); 3- RNA (DNase I untreated sample) isolated by RNeasy
®
Mini kit (Qiagen); 4- RNA (treated with Turbo™ DNase, Ambion)
isolated by RNeasy
® Mini kit (Qiagen).
1    2    3    4    5    L 
Figure 2 Electrophoresis of 18S PCR amplification products of
RNA samples without reverse transcription, in 2% (w/v) agarose
gel, stained with ethidium bromide. 18S PCR amplification products
from RNA isolated by AxyPrep Multisource Total RNA Miniprep Kit
(Axygen); 2-18S PCR amplification from RNA isolated by AxyPrep
Multisource Total RNA Miniprep Kit (Axygen) and treated with Turbo™
DNase (Ambion); 3-18S PCR amplification products from RNA isolated
by RNeasy
® Mini Kit (Qiagen); 4-18S PCR amplification products from
RNA isolated by RNeasy
® Mini Kit (Qiagen) and treated with Turbo™
DNase (Ambion); 5-18S PCR amplification products from water
(negative control); L- 100 bp ladder.
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adds extra salts and protein to the sample and can affect
the efficiency of the subsequent cDNA synthesis.
Conclusions
Quality control is an extremely important issue when
isolating RNA, especially when the quantity is small
and the amount required is large, for example microar-
ray experiments (15 μg). In regards to quality and yield
the AxyPrep Multisource Total RNA Miniprep kit was
determined to be the best kit tested for the isolation of
RNA from SK-N-MC cells. This kit uses no aggressive
organic solvents and delivers RNA devoid of genomic
DNA, without the need for DNase treatment. This is
an important finding, especially in large scale gene-
expression studies, since DNase treatment is time con-
suming and adds a substantial cost to the overall cost
for such experiments. Furthermore, DNase treatment
may lead to a loss in both RNA amount and mRNA
integrity due to the exposure of the RNA samples to
high temperatures during the heat inactivation step
required for many commercial DNases. This effect
extends further to include any downstream applica-
tions demanding compulsory genomic DNA removal.
AxyPrep Multisource TotalR N AM i n i p r e pK i ta l l o w s
the use of mild treatments minimizing the introduction
of further contaminants to the extracted RNA.
Methods
Cell culture
Human neuroblastoma SK-N-MC cells were obtained
from the European Collection of Cell Cultures (ECACC)
and were cultured in EMEM supplemented with 2 mM
glutamine, 10% (v/v) heat-inactivated fetal bovine serum
(Gibco), 1% (v/v) of non-essential amino acids (Sigma)
and 1 mM sodium pyruvate. Cells were cultivated at 37°C
in a humidified atmosphere containing 5% (v/v) CO2. For
routine culture, cells were grown until reaching approxi-
mately 90% confluence. For RNA isolation, cells were
harvested using trypsin and stored frozen at -80°C.
RNA isolation
For SK-N-MC cell RNA isolation, six commercially avail-
able kits were tested: AxyPrep Multisource Total RNA
Miniprep (Axygen), RNeasy
® Mini (Qiagen), EasySpin
(Citomed), Illustra RNAspin Mini RNA Isolation (GE),
TRIzol
® Plus RNA Purification System (Invitrogen) and
E.Z.N.A.™ Total RNA kit II (Omega Bio-Tek). The same
amount of cells (6.92E6) and the manufacturer protocols
were followed for each kit.
When appropriate, the isolated RNA was treated with
Turbo™ DNase I (Ambion), accordingly to the manu-
facturer’s instructions.
For assessing RNA quality and yield, A260/A280 and
A260/A230 ratios for RNA preparation samples were ana-
lysed with a Nano-Drop
® ND-1000 spectrophotometer
(NanoDrop Technologies). RNA integrity and DNA con-
tamination were determined by 28S/18S rRNA visualiza-
tion in agarose gel, stained with ethidium bromide.
PCR was used to detect potential DNA contamination,
using primers specific for 18S rRNA as Quantum RNA
Universal 18S Internal Standards primers (Ambion). PCR
reaction contained 1 μL of input (20-200 ng RNA), 0.6 U
Taq DNA Polymerase (Fermentas), 2.5 μLo f1 8 SP C R
Primer Pair (Ambion), 2 mM MgCl2, 0.2 mM of each
dNTP (Invitrogen), 75 mM Tris-HCl (pH 8.8 at 25°C),
20 mM (NH4)2SO4 and 0.01% (v/v) Tween 20. The fol-
lowing program was applied: 1 cycle of 3 min. at 95°C for
denaturation, followed by 30 cycles (30 s at 95°C
for denaturation, 30 s at 57°C for annealing, 30 s at 72°C
for extension) and a final 5 min extension at 72°C.
PCR products were visualized in agarose gels, stained
with ethidium bromide.
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